Substrate specificity for interfacial catalysis by phospholipase A2 in the scooting mode.
Action of pig pancreatic phospholipase A2 on vesicles and micelles of homologous anionic phospholipids is examined in the absence of additives. As shown elsewhere (Jain et al. (1986) Biochim. Biophys. Acta 860, 435-447), hydrolysis of anionic vesicles occurs by interfacial catalysis in the scooting mode, i.e., the catalytic turnover is fast relative to the off-rate of the enzyme from the interface. When the rate of intervesicle exchange of the enzyme is negligibly slow, it hydrolyses only the substrate molecules in the outer monolayer of the vesicle to which it is bound. Interfacial catalysis in the scooting mode with a high processivity occurs on vesicles of anionic phospholipids, and under these conditions the dynamics and order of the substrate in the interface influences the catalytic turnover only moderately, i.e., about 2- to 10-fold. Similarly, anomalous kinetic effects of the thermotropic gel-fluid phase transition or of a change in the general disorder of the bilayer organization (fluidity) has a minor effect on the kinetics of hydrolysis in the scooting mode. Similarly, higher unsaturation and shorter acyl chains in the substrate modestly increase the rate of catalytic turnover by the low-calcium form of the enzyme without noticeably influencing the affinity of the enzyme for the interface. On the other hand, perturbation of the charge distribution in the substrate interface can shift the proportion of the bound enzyme by several orders of magnitude. For example, the membrane perturbing amphiphiles (e.g., mepacrine, indomethacin, compound 48/80, aristolochic acid, local anesthetics, and the products of hydrolysis) do not influence the catalytic turnover of the bound enzyme but the proportion of the bound enzyme. Short-chain anionic phospholipids are readily hydrolyzed by phospholipase A2. Now no anomalous increase in the rate of hydrolysis is observed at the critical micelle as is the case with the zwitterionic analogs. This is because with anionic (but not with zwitterionic) substrates the enzyme forms an aggregated complex below the cmc of the monomer. The stability of these micellar complexes does not appear to change noticeably with the acyl chain length of the monomers. These observations show that the factors regulating the quality of interface substantially influence the binding of the enzyme, but not the catalytic turnover in the interface.